
ANL-7464 ANL-7464 

2lrgonne Bational Xaboratorg 
LABORATORY INVESTIGATIONS IN SUPPORT OF 

FLUID-BED FLUORIDE VOLATILITY PROCESSES 

Part XX. Fission-product Tellurium Off-gos 

Disposal in the Fluid-bed Fluoride Volatility Process 

by 

D. R. Vissers and M. J. Steindler 



The facilities o£ Argonne National Laboratory are owned by the " - ' f f U ^ f ° ° ^ ^ " 
ment. Under the terms of a contract (W-31-109-Eng.38) between he U. S. A ' ^ ' C En^'gy 
Commission, Argonne Universities Association and The University of Chicago, the """y^J^ 'V 
employs the staff and operates the Laboratory in accordance with policies and programs formu-
lated, approved and reviewed by the Association, 

MEMBERS OF ARGONNE UNIVERSITIES ASSOCIATION 

The University of Arizona 
Carnegie-Mellon University 
Case Western Reserve University 
The University of Chicago 
University of Cincinnati 
Illinois Institute of Technology 
University of Illinois 
Indiana University 
Iowa State University 
The University of Iowa 

Kanbas State University 
The University of Kansas 
Loyola University 
Marquette University 
Michigan State University 
The University of Michigan 
University of Minnesota 
University of Missouri 
Northwestern University 
University of Notre Dame 

The Ohio State University 
Ohio University 
The Pennsylvania SUte Umver»ity 
Purdue University 
Saint Lx)uis University 
Southern Illinois University 
University of Texas 
Washington University 
Wayne State University 
The University of Wisconsin 

LEGAL NOTICE 

This report was prepared as an account of Government sponsored work. 
Neither the United States, nor the Commission, nor any person acting on behalf 
of the Commission: 

A, Makes any warranty or representation, expressed or implied, with r e 
spect to the accuracy, completeness, or usefulness of the information contained 
in this report, or that the use of any information, apparatus, method, or process 
disclosed in this report may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, or for damages r e 
sulting from the use of any information, apparatus, method, or process disclosed 
in this report. 

As used in the above, "person acting on behalf of the Commission" in
cludes any employee or contractor of the Commission, or employee of such 
contractor, to the extent that such employee or contractor of the Commission, 
or employee of such contractor prepares, disseminates, or provides access to, 
any information pursuant to his employment or contract with the Commission, 
or his employment with such contractor. 

Printed in the United Slates of America 
Available from 

Clearinghouse for Federal Scientific and Technical Information 
National Bureau of Standards, U.ifi. Department of Commerce 

Springfield, Virginia 22151 
Price; Printed Copy $3.00; Microfiche $0.65 



ANL-7464 
Chemical Separations 

P r o c e s s e s for Plutoniunn 
and Uranium 

ARGONNE NATIONAL LABORATORY 
9700 South Cass Avenue 
Argonne, Illinois 60439 

LABORATORY INVESTIGATIONS IN SUPPORT OF 
FLUID-BED FLUORIDE VOLATILITY PROCESSES 

Part XX. Fission-product Tellurium Off-gas 
Disposal in the Fluid-bed Fluoride Volatility Process 

by 

D. R. Visse rs and M. J. Steindler 

Chemical Engineering Division 

August 1968 



other reports in this ser ies are: 

Pa r t I. The Fluorination of Uranium Dioxide-PlutoniumDioxide Solid 

Solutions (ANL-6742). 

Par t II. The Proper t ies of Plutonium Hexafluoride (ANL-6753). 

Pa r t III, Separation of Gaseous Mixtures of Uranium Hexafluoride and 
Plutonium Hexafluoride by Thermal Decomposition (ANL-6762). 

Pa r t IV. The Fluid-bed Fluorination of UjOs (ANL-6763). 

Pa r t V. The Radiation Chemistry of Plutonium Hexafluoride (ANL-6812). 

Par t VI. (A) The Absorption Spectrum of Plutonium Hexafluoride; 

(B) Analysis of Mixtures of Plutonium Hexafluoride and Uranium 
Hexafluoride by Absorption Spectrometry {ANL-6817), 

Pa r t VII, The Decomposition of Gaseous Plutonium Hexafluoride by Alpha 
Radiation (ANL-7013). 

Pa r t VIII, Analysis of an Accidental Multigram Release of Plutonium 
Hexafluoride in a Glovebox (ANL-7068). 

Pa r t IX. The Fluid-bed Fluorination of Plutonium-containing Simulated 
Oxidic Nuclear Fuel in a l | - i nch -d i a ine t e r Reactor (ANL-7077). 

Pa r t X. A Literature Survey on the Proper t ies of Tellurium, Its Oxygen 
and Fluorine Compounds (ANL-7142). 

Par t XI. Vapor-Liquid Equilibria in the System Uranium Hexafluoride-
Plutonium Hexafluoride (ANL-7186). 

Par t XII. The Melting-point Diagram for the System UraniumHexafluoride-
Plutonium Hexafluoride (ANL-7234). 

Pa r t XIII. Condensed-phase Equilibria in the System Molybdenum 
Hexafluoride-Uranium Hexafluoride (ANL-7240). 

Pa r t XIV. The Corrosion of Nickel and Nickel Alloys by Fluorine, Uranium 
Hexafluoride, and Selected Volatile Fission Product Fluorides 
at 500°C (ANL-7241). 

Par t XV. Estimation of Rates of Thermal Decomposition of Plutoniunn 
Hexafluoride in P rocess Streams (ANL-7347). 

Par t XVI. The Fluorination of UOa-PuGz-Fission-product Oxide Pellets 
with Fluorine in a 2-inch-diameter Fluid-bedReactor (ANL-7372). 

Pa r t XVII. Fluorination of Neptunium(lV) Fluoride and Neptunium(lV) 
Oxide (ANL-7385), 

Par t XVIII. Neutron Counting as an Analytical Method for Plutonium Fluorides 
(ANL-7402). 

Pa r t XIX. Reaction of Bromine Pentafluoride with Selected Compounds of 
Uranium and Plutonium (ANL-7412). 



TABLE OF CONTENTS 

Page 

ABSTRACT 7 

I. INTRODUCTION 7 

II. EQUIPMENT AND PROCEDURE 9 

A. Reagents 9 
B. Experimental Equipment 10 

1. Batch-type Sorption Equipment 10 
2. Gas-flow-type Sorption Equipment 10 
3. Heat-of-sorption Equipnnent 11 

C. Experimental Procedure 11 
1. Batch-type Sorption Studies 11 
2. Gas-flow-type Sorption Studies 11 
3. Heat-of-sorption Studies 13 

in . EXPERIMENTAL RESULTS 14 

A. Batch-type Sorption Studies 14 
1. Activated Alumina 14 
2. Activated Charcoal 16 
3. Linde Molecular Sieves 17 
4. Magnesiunn Fluoride, Sodiunn Fluoride, and Soda Lime . 19 
5. Chemical Traps 19 

B. Gas-flow Sorption Studies 20 
1. Activated Alumina--TeF(,-Air 20 
Z, BPL Activated Charcoal--TeFt,-Air ! 24 
3. Magnesium Fluoride--TeF(,-Air 26 
4. Linde Molecular Sieve 1 3X--TeF(,-Air 27 
5. Activated Alumina--TeF4-F2-Air 27 

C. Heat-of-sorption Studies on Activated Alunnina-TeFj 33 

IV. DISCUSSION 34 

APPENDIXES 

A. Nuclear Technology and Tellurium Hexafluoride 36 
B. Calculation of the Required Decontamination Factor for 

Tellurium in Fluid-bed Fluoride-volatil i ty P rocess 
(FBFVP) 38 

ACKNOWLEDGMENTS 40 

REFERENCES 41 



LIST OF FIGURES 

No. Title Page 

1. Apparatus for Gas-flow Sorption Studies with Tellurium 
Hexafluoride 10 

2. Rate of Sorption of TeF^ on Activated Alumina at 25°C 14 

3. Decontamination of Air Streams from TeF^ by Activated 
Alumina as a Function of TeF^, Loading, Bed Temperature, 
Bed Height, Gas Velocity, and TeF^ Concentration 22 

4. Decontamination of Air Streams from TeF(, as a Function of 
Bed Loading Using BPL Activated Charcoal 26 

5. Decontamination of Air-Fluorine Streams from TeFj, by 
Activated Alumina as a Function of Bed Loading 28 

6. Profile of TeF^ Sorbed on Activated Alumina in the Presence 
of Fluorine 29 

7. Rate of TeF^ Buildup on Bed No. 2 during Fluorination of 
Bed No, 1 30 

8. Profile of TeF(, on Activated Alumina as a Function of 
Fluorination Time 30 

9. Sorption Isotherms for TeF^ on Activated Alumina 33 



LIST OF TABLES 

No. Title Page 

I. Infrared Spectra of Tellurium Hexafluoride 9 

II. Reagents Evaluated for TeFj, Removal 9 

III. Sorption Rate and Retention of Telluriunn Hexafluoride on 
Activated Alumina 15 

IV. B.E.T, Surface-area Measurements of Activated Alumina 
Samples 15 

v . Sorption Rate and Retention of Tellurium Hexafluoride on 
BPL Activated Charcoal at 26°C 16 

VI. Effect of Tennperature on Sorption Rate and Retention of 
Tellurium Hexafluoride on BPL Activated Charcoal 17 

v n . Sorption Rate and Retention of Tellurium Hexafluoride on 
Linde Molecular Sieve 13X at 25°C 18 

VIII. Effect of Temperature on Sorption Rate and Retention of 
Tellurium Hexafluoride on Linde Molecular Sieve 13X . . . . 18 

IX. B.E.T. Surface-area Measurements of Linde Molecular 
Sieve 13X 19 

X. Reaction Rate of Tellurium Hexafluoride with Copper-metal 
Turnings and Nickel-metal Wool 20 

XI. Levels of Variables Studied in Factorially Designed 

Investigation with Activated Alumina 21 

XII. Factor ial Design of Experiments with Activated Alumina , . 21 

XIII. Sorption of TeF(, on Activated Alumina ZZ 

XIV, Effect of Variables in Factorial ly Designed Experiments 
with Activated Alumina 23 

XV. Distribution of Tellurium Hexafluoride on Activated 
Alumina 24 

XVI. Levels of Variables Studied in Factorially Designed 
Investigation with BPL Activated Charcoal 25 

XVII. Factor ia l Design of Experiments with BPL Activated 

Charcoal 25 

XVIII. Sorption of TeF^ on BPL Activated Charcoal 25 

XIX. Effects of Variables in Factorial ly Designed Experiments 
with BPL Activated Charcoal 26 



LIST OF TABLES 

No. Title Page 

XX. Sorption of TeFj, on Magnesium Fluoride in a Gas-flow 
System ^^ 

XXI. Sorption of TeFj by Linde Molecular Sieve 13X and by 
Activated Alumina from a Gas-flow System 27 

XXII. Sorption of TeF^ by Activated Alumina from a Gas-flow 
System with and without Elemental Fluorine 28 

XXIII. Distribution of Tellurium Hexafluoride on a 6-in. Bed of 
Activated Alumina 31 

XXIV. TeF^ Profile on a 6-in. Bed of Activated Alumina after 
Fluorine Injections of 0.1 and 0.2 nnole 32 

XXV. Retention of Tellurium in Beds of Nickel Mesh at 400-600°C . 36 

XXVI. Calculated Tellurium Hexafluoride Concentrations and 
Decontamination-factor Requirements for Off-gas from a 
Fluid-bed Fluoride-volatility Process 39 



LABORATORY INVESTIGATIONS IN SUPPORT OF 
FLUID-BED FLUORIDE VOLATILITY PROCESSES 

Par t XX Fission-product Tellurium Off-gas 
Disposal in the Fluid-bed Fluoride Volatility P roces s 

by 

D. R Visse rs and M J. Steindler 

ABSTRACT 

The volatile fluoride species of fission-product tel 
lurium, tellurium hexafluoride, represents a troublesonne 
component in the fluid-bed fluoride-volatility process off-
gas system. The problem resul ts from the relatively high 
concentration of the highly toxic radioactive telluriunn found 
in spent reactor fuels and the chemically inert character of 
tellurium hexafluoride found in the process off-gas system. 

Gas sorption with tellurium hexafluoride on various 
sorbents was studied, both in static and flowing type systems 
to evaluate 13 sorbents as potential trapping agents for tel
lurium hexafluoride Radio-tagged tellurium hexafluoride 
was used in the gas-flow studies. These studies revealed 
that activated alumina can effectively remove telluriunn hexa
fluoride from an off-gas streann containing fluorine. Tellu
rium hexafluoride removal efficiencies in excess of 99.995% 
were easily obtained The heat of sorption for TeF(, on act i 
vated alumina was found to be 4 8 kcal mole ' The TeF(, 
sorptive ability of activated charcoal was also investigated. 

I INTRODUCTION 

Fluid-bed fluoride-volatility processes are being developed for 
treating spent power- reac tor fuel. The volatile fluoride species of fission-
product tel lurium represents a potentially troublesome component in the 
process off-gas of these fluoride-volatility processes because of the 
relatively high concentration of radioactive tel lurium in the spent reactor 
fuel''^ and the chemically inert character of tel lurium hexafluoride formed 
in the process The low maximum permiss ib le concentration for a 168-hr 
week' (MPCita) for continuous, occupational exposure to the insoluble form 
of fission-product tellurium, ' ^ " "Te , and '^""^Te of 1 x 10"' C i / m ' adds to 
the ser iousness of the off-gas decontamination problem. Tellurium hexa
fluoride has a biological half-life of ZZ days,'* which places it as an insoluble 
form of tel lurium. 



The purpose of this investigation was to define the tellurium problem 
and to obtain information on means of removing tellurium from the off-gas 
stream of a fluid-bed fluoride-volatility process (FBFVP). The subject 
was first exannined by reviewing the available related published and unpub
lished literature.^ A conceptual fluid-bed fluoride-volatility processing 
plant was then devised in order to examine the problems relating to tel
lurium, and to estimate a decontamination factor for telluriunn from the 
process off-gas. (These calculations are presented in Appendix B.) 

This report describes the results of (1) a ser ies of batch-type gas -
solid sorption screening studies to identify the more promising reagents 
for removing tellurium hexafluoride, and (2) a ser ies of dynamic gas-flow 
soprtion studies in which packed beds of the nnore promising reagents 
were evaluated quantitatively as sorbents for tellurium hexafluoride, using 
radiotagged tellurium. Heat-of-sorption studies were carr ied out with TeF^ 
on activated alumina. 



U. EQUIPMENT AND PROCEDURE 

A. Reagents 

The nonradioactive tellurium hexafluoride used in this study was 
obtained from the Allied Chemical Connpany and was purified by fractional 
sublimation under vacuum to remove the lower fluorides and oxyfluorides 
of tellurium, such as TejF,o, TeF4, and TesFuOj. The molecular weight 

of the purified material was deter-
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TABLE I. In(r»r«l Spectra (K Tellurium Heulluoride mined to be 243 g mole' ' (calculated, 
241.6 g mole"'), which was within 
the experimental error of the pro
cedure used. Infrared studies of 
the purified product confirmed 
earlier spectra of TeF^ (shown in 
Table I). 

Radioactively tagged, powdered 
tellurium metal was obtained by 
chemically processing Sb in the 
presence of carrier tellurium. The 

tagged-tellurium metal powder was then fluorinated to the hexafluoride. 
The reaction product was then purified, as described above. A vapor-
pressure determination of the purified material agreed with the published 
values for TeF(,.̂  

The fluorine used in the gas-flow sorption studies was obtained from 
an Air Products fluorine calibration standard cylinder. The solid reagents 
evaluated as sorbents in this study are listed In Table II. The surface area 
of these reagents was determined by standard B.E.T. techniques, assunning 
that a nitrogen molecule occupies 16,28 A of surface area. 

TABLE I I . Reagents Evaluated tor TeFg Removal 

Material 

Activated alumina 
BPL activated charcoal 
Activated cocoanul charcoal 
Linde Molecular Sieve 
Linde Molecular Sieve 
Magnesium fluoride 
Sodium fluoride 
Soda lime 
Copper-metal turnings 
Nickel-metal wool 
Tellurium-metal powtter 
Aluminum-metal turnings 
Coppertll) oxide 

Source 

Alcoa 
Pittsburgh Coke and Chemical Company 
Sargents 
Union Carbide Corporalion 
Union Carbide Corporation 
Prepared at Oak Ridge National Laboratory 
Harshaw Chemical Company 
Mallinckrodt Chemical Works 
Mallinckrodt Chemical Works 
Brillo Manufacturing Company 
Sargents 
ANL 
Allied Chemical 

Designation 

F-l. -8 • M mesh 
-12 +30 mesh. BPL 
AC-11368 
1/16 in. . Type 13X 
1/16 in. . Type lOX 
14-18 mesh 
1/8 X 1/8-in. tablets 
4-8 mesh 
Reagent 
Coarse grade 
Reagent 
2S. clean 
Reagent wire 

Surface 
Area^ 
(m^/gl 

295 
2075 
17W 
280 
332 
146 
<1 

6.3 
<ai 
<0.1 
<1 
<0.1 
<ai 

^Measured by B.LT. method using nitrogen. 
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B. E x p e r i m e n t a l Equipment 

1. Ba tch- type Sorpt ion Equ ipment 

The appa ra tus cons i s t ed of a g e n e r a l - p u r p o s e mani fo ld , to which 
w e r e a t tached a 9 7 - m l v e r t i c a l , tubu la r hea ted n icke l r e a c t o r , a s y s t e m of 
cold t r a p s , a ca l ib ra ted T e F j feed supply, a vacuum s y s t e m , and a B o o t h -
C r o m e r type p r e s s u r e t r a n s m i t t e r with a m e r c u r y - m a n o m e t e r r e a d o u t . 
The manifold, va lves , r eac t ion v e s s e l , and a l l a u x i l i a r y equ ipmen t e x p o s e d 
to the t e l lu r ium hexaf luor ide w e r e c o n s t r u c t e d of n icke l , A C h r o m e l -
Alumel the rmocouple within the n icke l r e a c t o r s e r v e d a s the t e m p e r a t u r e 
indicator and regu la to r s ignal for the furnace t e m p e r a t u r e c o n t r o l l e r . 

Z. Gas- f low- type Sorpt ion Equipment 

The expe r imen ta l appa ra tu s cons i s t ed of (1) two packed b e d s of 
act ivated a lumina in s e r i e s , (2) a r eagen t supply, (3) r a d i o a c t i v i t y de t ec t i on 
equipment, and (4) back-up t r a p s . The TeF^ f lowra tes w e r e r e g u l a t e d with 
ca l ib ra ted g a s - b u b b l e r s cha rged with f luoro lube . The a i r and f luor ine g a s 
flows were regula ted with g l a s s and K e l - F r o t a m e t e r s , r e s p e c t i v e l y , The 
packed-bed r e a c t o r s were cons t ruc t ed f rom 3 / 4 - i n . - d i a m , l / 3 2 - i n . - w a l l , 
24- in . - long a luminum tubing, fitted in the c e n t e r with a nickel s c r e e n , 
which se rved as a bed suppor t . A plug of n icke l wool above the bed held 
the solid charge in p lace . A tube furnace r egu la t ed by a t h e r m o c o u p l e -
cont ro l le r sy s t em was used to hea t the beds . The count ing equ ipmen t 
consis ted of two scint i l la t ion d e t e c t o r s , two s i n g l e - c h a n n e l a n a l y z e r s two 
coun t - ra te m e t e r s , a s c a l e r , and a dua l -pen c h a r t r e c o r d e r . P a c k e d beds 
of act ivated a lumina and B P L ac t iva ted c h a r c o a l s e r v e d a s the b a c k - u p 
t r a p s for the sys t em. F igu re 1 is s c h e m a t i c d i a g r a m of the a p p a r a t u s 

Fig. 1. Apparatus for Gas-flow Sorption Studies witf, T 
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3. Heat-of-sorption Equipment 

The heat-of-sorption equipment was connposed of the batch-type 
sorption equipment to which had been added an aqueous constant- temperature 
bath, equipped with a mercury- type thermoregulator . 

C. Experimental Procedure 

1. Batch-type Sorption Studies 

A weighed sample of the sorbent was placed in the reactor and, 
after the system was evacuated and heated to the desired temperature , a 
measured quantity of tellurium hexafluoride was adnnitted to the system. 
The sorption of tellurium hexafluoride was monitored by observing the change 
of p re s su re in the system After sorption was completed, the excess tel
lurium hexafluoride was collected in a cold t rap cooled with liquid nitrogen 
The vessel containing the sorbent was then evacuated, at approximately 
10 Torr , through a second cold t rap cooled by liquid nitrogen, to determine 
whether the tel lurium hexafluoride could be desorbed from the solid. In 
some of the experinnents. a second reactor vessel heated to 100°C and 
containing about 10 g of sodium fluoride pellets was placed in se r i es with 
the principal reactor to collect any hydrogen fluoride that nnay have been 
present . 

For each study, the initial TeFj p ressu re given is the p ressu re 
of the TeFj at 25°C. The charac te r i s t ics of the Booth-Cromer and mercury-
manometer readout limited the accuracy of the p ressu re measurement 
(±0.3 mm). Consequently, the maximum sorption could not be reported as 
100%, 

2. Gas-flow-type Sorption Studies 

The experimental procedure used in these studies consisted of 
passing radioactively tagged tellurium hexafluoride mixed with dry air . or 
with dry air and fluorine, at a fixed tellurium hexafluoride concentration 
and specific activity through the first packed bed of sorbent. The gas mix
ture leaving the top of the first bed was mixed with a suitable quantity of 
inactive TeF^ to re -es tab l i sh the initial TeF(, concentration in the gas fed 
to the second bed of the same sorbent. The mixture was then fed into the 
bottom of the second bed. The packed beds each contained the same quantity 
of reagent. After a given quantity of TeFj, had been passed through the beds, 
the TeF(, gas flows were turned off, and the beds were purged with dry air 
for about 30 nnin The quantity of '^^"^Te sorbed on the respective beds 
was then determined in situ, using suitable counting equipment, to evaluate 
the ability of the part icular packed bed to remove and retain TeF(, fronn an 
air -TeFb or an a i r -TeF^ -F j gas mixture. 
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C o u n t i n g e f f i c i e n c i e s of t w o s c i n t i l l a t i o n c r y s t a l s f o r "^ T e 

w e r e e v a l u a t e d w i t h a ' " " ^ X e s t a n d a r d . T h e a p p a r e n t s p e c i f i c a c t i v i t y of 

t h e TeFf, t a g g e d w i t h ' " " ^ T e w a s e v a l u a t e d b y s o r b i n g a n d c o u n t i n g a k n o w n 
q u a n t i t y of t h e t a g g e d T e F , on t h e s o r b e n t s in s i t u . 

T h e i s o t o p i c d i l u t i o n t e c h n i q u e u s e d in t h e s e s t u d i e s i s n o t n e w , 
bu t i t s u s e in g a s - s o l i d r e a c t i o n s y s t e m s h a s b e e n l i m i t e d . T h e p r i m a r y 

a d v a n t a g e of t h e t e c h n i q u e i s t h a t a c o m p l e t e a n a l y s i s of t h e s o r b e n t m a y 

b e c a r r i e d o u t a t a f i x e d s o r p t i o n s p e c i e s c o n c e n t r a t i o n , t h u s e l i m i n a t i n g 

e r r o r s t h a t r e s u l t f r o m v a r i a t i o n s in t h e c o n c e n t r a t i o n of T e F ^ . T h e i s o t o p i c 

d i l u t i o n t e c h n i q u e p e r m i t s r e a d y e v a l u a t i o n of t h e d e c o n t a m i n a t i o n f a c t o r 

( D F ) a c r o s s t h e p a c k e d b e d s w h e r e D F i s d e f i n e d a s t h e r a t i o of t h e t e l 

l u r i u m h e x a f l u o r i d e c o n c e n t r a t i o n e n t e r i n g t h e b e d to t h a t l e a v i n g t h e b e d . 

T h e r a t i o of t h e ' " ' " T e a c t i v i t y s o r b e d on b e d n u m b e r 1 t o t h a t s o r b e d on 

b e d n u m b e r 2 i s e q u a l to t h e D F a c r o s s t h e f i r s t b e d , g i v e n t h e f o l l o w i n g 

d e f i n i t i o n s a n d a s s u m p t i o n s , 

a. D e f i n i t i o n s of T e r m s 

•A-i - T e a c t i v i t y e n t e r i n g b e d n u m b e r 1. 

•A-z - Te activity entering bed number 2, equal to the 

Te activity leaving bed nunnber 1. 

A, = le activity leaving bed number 2. 

A ^ i25m,.^ 
^̂ B - ^e activity sorbed on bed number 1 

1 

Ag = Te activity sorbed on bed number 2. 

Subscripts 

B, = bed nunnber 1. 

BJ = bed number 2, 

Assumptions 

DFj = DFj 

A, 

'^z 
^^i - ~ (definition) 

Az 
DFj = — . DF, 

^B = A, - Aj A. A , 

A; ^ DF| - 1 _ ^ ^ DF - 1 

1 - ^ " 1 . ^ ^ 
A, DF 
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The in situ counting of the columns also enables one to 
study the TeF^ concentration gradient ac ross the columns, and to determine 
whether the columns lose activity (i.e.. TeFj.) during air purging or a i r -
fluorine purging. The TeF^ concentration gradient along the length of the 
colunnn was deternnined by lowering the scintillation crystal l / 4 in. at a 
t ime; each crysta l position was then counted, and a profile of the bed 
was obtained. 

3. Heat-of-sorption Studies 

A weighed sample of activated alunnina was placed in the 
reactor . The alumina was then evacuated and heated to about 200''C to 
rennove sorbed gases . Thesys t emwas then brought to the desired 
tempera ture , and a known amount of tellurium hexafluoride was introduced. 
Knowledge of the system volume and p ressu re allowed the weight of TeFj 
sorbed by the activated alumina to be calculated for any resultant p res su re . 
A sorption blank with TeF^ was obtained for the reactor system to correct 
for any surface sorption of TeF(, on the surfaces of the equipnnent at the 
part icular tempera ture . 
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III. EXPERIMENTAL RESULTS 

A. Batch-type Sorption Studies 

The capacity of most gas sorbents is principally determined by 
surface area, pore-size distribution, and the chemistry and geometry of 
the sorbent surface and sorbing gas molecule. The sorbents evaluated in 
this study were: activated alumina, activated charcoals, Linde Molecular 
Sieves, sodium fluoride, magnesium fluoride, soda lime, copper-metal 
turnings, nickel-metal wool, tellurium-metal powder, aluminum-metal 
turnings, and copper(II) oxide. 

For comparative evaluation of the respective sorbents, the TeF(, 
was assumed to be sorbed as a monolayer on the surface of the sorbent. 
The amount of tellurium hexafluoride sorbed. therefore, is expressed as 
percent loading, where the percent loading is based on the assumption that 
each sorbed TeF^ molecule occupies 40 A of nitrogen B.E.T. surface area 
on the sorbent at complete monolayer coverage. Thus, a square meter of 
B.E.T. sorbent surface area at 100% surface loading has a capacity of 
4.15 X 10"'' mole of TeF(,. One gram of any material with a B.E.T. surface 
area of 1000 m ^ g would thus have a capacity of 1 g of TeF^ at 100% loading. 

1. Activated Alumina 

Figure 2 shows a typical gas-sorption isotherm at 25°C for the 
sorption of TeFj on activated alumina. The isotherm indicates that about 
50% of the TeFfc present was sorbed in 30 sec, whereas only 76% of the 
TeFe was sorbed in 20 min. These results indicate that the rate of TeFf, 
sorption on activated alumina is high until about 16% of the B.E.T. surface 
is covered. Several tests were performed in which the ratio of activated 
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Fig. 2. Rate of Soiption of TeFg 
4 X W^ mole; Initial pi 

g (TeFg monolayer capacity, 1,2 x IQ-a mole/s^ 

4 V in-3 ' 7 •'•• " • " °" '*" '" '^ ' ' Alumina at 25°C. TeFg cliarge. 
i c r / ^ e ^ t : , r ; : ^ ! ! ^ ! : ^ ° ° 7 - : - J ^ - - ^ — ^^rge ' 



alumina to TeFt was increased so that if the entire quantity of TeFj were 
sorbed. it would occupy only 7.6% of the nitrogen-determined surface area 
of the activated alumina. The resul ts of these tests indicate that the rate 
of TeF(, sorption is high at low surface coverage. The studies with the 
higher ratio of activated alumina to TeFj were then extended to higher 
tennperatures. The resul ts of experiments with activated alumina (shown 
in Table III) indicate that below 300°C activated alumina is a good sorbent 
for TeF(,. After sorption of TeF(, on activated alunnina, nitrogen B.E.T. 
sur face-area measurements of the samples were made (the results of 
which are shown in Table IV). Results indicate that only at 500°C does 
the activated alumina lose a significant fraction of surface area. Desorp
tion of TeFt at 10"^ Torr was slight (as shown in Table III), indicating that 
TeFf, is retained strongly by activated alumina. 

TABLE HI Sorption Rate and Retention of Tellurium Hexafluoride on Activated Alumina 

TeFfc cliarge, Z x 10"J mole; initial presaure , 200 Torr; 
activated alumina c h a r g e . ' ZZ.Z g 

(min) 

0.5 
1.0 
2.0 
5.0 

10,0 
15.0 
20.0 

Tem 
Sorption 

2 5°C 

>97 
>98 
>98 
>99 
>99 
>99 
>99 

perature of 

Per 

100°C 

>99 
>99 
>99 
>99 
>99 
>99 
>99 

and Desorption 

CO 

25 
100 
200 
300 
400 

cent of the Initial TeF^ Soi 
on Activated Alumina 

200''C 300°C 

99 ••97 
>99 >98 
>99 >98 
>99 >98 
>99 >98 
>99 >98 
>99 >98 

Percent of Initial TeFj 

rbed 

400°C 

62 
66 
69 
76 
85 
85 
86 

Desorbed 
from Alumina during Evacuation 

6.5 
2 
1.4 
1.8 
1.5 

500»C 

37 
41 
45 
50 
58 
56 
56 

The calculated TeF^ monolayer capacity of the activated alumina was 1.2 x 10~ m o l e / g . 
**The alumina samples were placed under vacuum (-10"' Torr) for desorption for 1-2 hr. 

TABLE IV. B E. T Surface-area Measurements of Activated Alumina Sannples 

Reaction t ime: 20 min 

Descript ion of Activated Alumina 
B E T Surface 

(mVg) 

295 

297 

316 

30 3 

316 

155 

Area Percent ol Surface Covered 
with TeFfc 

-
7.4 

7.5 

7.4 

6.4 

-4 

Material as rece ived 

Reacted at 100°C with TeFi 

Reacted at 200°C with TeFj 

Reacted at 300°C with TeF^ 

Reacted at 400°C with T e F , 

Reacted at 500°C with TeFi 



2. Act ivated C h a r c o a l 

, u ^ T . Ar-tivated C h a r c o a l . The effects of loading of he 
cha rcoa l s u r f a c e - b T ^ i F r ^ M T H K ^ T ^ t i c s of T e F s P (Z ^the^^^ 

re ten t ion of T e F , by c h a r c o a l w e r e - - f / f ^ ^ ^ J ^ / Z / ^ l p J ^ t t t e Tn the 
the r e su l t s of this study. To d e t e r m i n e ' * - f/̂ ^*^" ^ ^ ^ 3 % , 100. 200. 300. 
T e F . sorp t ion behav io r , so rp t ion s tud ies w e r e - ^ . ^ ^ t e that at 25°C c h a r c o a l 
and 400°C. The r e s u l t s , r e p o r t e d in Table ^I.^-^^^ca^e tha ^^^ 
p o s s e s s e s good sorp t ive c h a r a c t e r i s t i c s for J e F , "n t i l about 
B .E .T . sur face a r e a is cove red by the so rbed T e F f 

. J r- ,r,„t r h a r c o a l To d e t e r m i n e how the type of h Activated Cocoanut Uharcoa i . ±u u<; „ .,., j 
cha rcoa l a f f e c t s t h e sorpt ive p r o p e r t i e s ^ ^ . c h a r c o a l for TeF6, a ^ e c o n d 
ype of ac t ivated c h a r c o a l was eva lua ted b r ie f ly as a s o r b e n ^^r^f^JJ^^ 

c'harcoal used for this study was ac t iva ted 7 - - " ' ^^ l^"^"^^ T x l o " m o l e 
laver capaci ty tor T e F , of 7.43 x 10" ' m o l e / g . In th is s tudy, 2 x 1 0 m o l e 
of T F . a t approx imate ly ZOO T o r r was r e a c t e d with a 10-g " ^ P ^ ° ^ ; - ° ^ -
nut c h a r c o a l a t 25°C. The r e s u l t s of the study showed that only 97% of the 

TABLE V. Sorption Rate and Retent ion of T e l l u r i u m Hexa f luo r ide on 
B P L Activated Cha rcoa l at 25°C 

TeFfc cha rge , Z x 10"^ mole ; in i t i a l p r e s s u r e , 200 T o n 

Reaction Time 
(min) 

0.5 
1.0 
2.0 
5.0 

10.0 
15.0 
20.0 

Sorbi ;nt Sam 

(g) 

1 
5 

10 

1-g Sample 

69 
78 
86 
93 
94 
95 
95 

iple Size 

P e r c e n t of In i t ia l T e F j 
Sorbed on Act iva ted C h a r c o a l 

.a 5-g Sample^ 10-g S a m p l e ^ 

98 >99 
99 >99 

>99 >99 
>99 >99 
>99 >99 
>99 >99 
>99 >99 

P e r c e n t of Ini t ia l TeF(, D e s o r b e d 
f rom Cha rcoa l dur ing E v a c u a t i o n " 

36.5 
1 
1 

^The calcula ted TeF^ monolayer capaci ty of the B P L a c t i v a t e d c h a r c o a l 
was 8.6 X 10" ' m o l e / g . 

t 'The charcoa l s amples were placed under vacuum (~10"^ T o r r ) for 
desorpt ion for 1^ hr . 



T A B L E VI. Effect of T e m p e r a t u r e on Sorp t ion Rate and Re ten t ion of 
T e l l u r i u m H e x a f l u o r i d e on B P L Ac t iva t ed C h a r c o a l 

TeFfc c h a r g e , 2 x 10" m o l e ; i n i t i a l p r e s s u r e , 200 T o r r ; 
c h a r c o a l c h a r g e , 5 g 

P e r c e n t of In i t i a l T e F j Sorbed on 
_ „ . Ac t iva t ed C h a r c o a l Sample 
R e a c t i o n T i m e . 

(min) 25"C lOO^C 200°C 300°C 400''C 

0.5 98 98 27 4 0 
1.0 99 >98 29 7 0 
2.0 >99 >99 32 7 0 
5.0 >99 >99 35 8 0 

10.0 >99 >99 38 8 0 
15.0 >99 >99 40 8 0 
20,0 >99 >99 42 8 0 

T e m p e r a t u r e of 
Sorp t ion and D e s o r p t i o n P e r c e n t of In i t i a l T e F j D e s o r b e d 

(^C) f r o m C h a r c o a l dur ing E v a c u a t i o n " 

25 1 
100 3.7 
200 35.7 

*The c a l c u l a t e d T e F j m o n o l a y e r c a p a c i t y of the B P L a c t i v a t e d c h a r c o a l 
was 8.6 X 1 0 " ' m o l e / g . , 

^ T h e c h a r c o a l s a m p l e s w e r e p l aced under v a c u u m (10" T o r r ) for d e s o r p 
t ion for about 1 h r . 

t e l l u r i u m h e x a f l u o r i d e p r e s e n t had b e e n s o r b e d on a 10-g s a m p l e of c o c o a -
nut c h a r c o a l in 20 nnin. When the s a m p l e was e v a c u a t e d for 80 min at 25°C, 
about 31% of the i n i t i a l TeFj, was d e s o r b e d T h e s e r e s u l t s i nd i ca t e that 
cocoanu t c h a r c o a l does not r e t a i n T e F j a s we l l as B P L c h a r c o a l d o e s . 

3. L inde M o l e c u l a r S i e v e s 

a. M o l e c u l a r Sieve 13X. The effect of T e F t s u r f a c e loading 
on the k i n e t i c s of TeF(, s o r p t i o n and TeF^ r e t e n t i o n by M o l e c u l a r Sieve 13X 
w a s i n v e s t i g a t e d at 25°C. The r e s u l t s of this s tudy, p r e s e n t e d in Tab le VII, 
i n d i c a t e tha t T e F ^ i s r a p i d l y s o r b e d on M o l e c u l a r Sieve 13X unt i l 136% of 
the B . E . T . s u r f a c e a r e a is c o v e r e d by s o r b e d TeFj,. This high s u r f a c e 
c o v e r a g e i n d i c a t e s that the t e l l u r i u m h e x a f l u o r i d e m o l e c u l e m a y be c h e m i 
c a l l y r e a c t i n g wi th the bulk m a t e r i a l . L inde s t a t e s the s u r f a c e a r e a of 
M o l e c u l a r S ieve 13X i s about two to t h r e e t innes that de te rnn ined by ou r 
n i t r o g e n B . E . T . s u r f a c e - a r e a m e a s u r e m e n t s . A n o t h e r s e r i e s of s o r p t i o n 



• T Ki» VTTT> was carried out to determine the effect of 
studies f - " ; : ; j ; ^ ^ <̂„ j ; 2 n on Molecular Sieve 13X. in both the presence 
temperature on TeFj sorption o „i ,ced in se r ies with the 
and absence of a sodium fluoride trap at \0° ^ p laced^- ^^^^ 
trap containing the sorbent. Sodium "-"^^^V^^^" ,^^ '^ ;^ ; ! revealed that it 
Hydrogen fluoride. ^ - / ^ J ^ ^ J o ^ ^ x : ' o r p t i r s t u d " es at 300»C indicated 
does not react with TeFfc at lUU t>. i n e s H „ J ..ither from the 
that no Significant amount of ^ y ^ - ^ - / ^ ; ; ; ^ A e sorb nt w a s T r e s e n t 
TeFfc feed or from interaction ^ ^ ' - " ; J^J^^'^^^^^^les indicate that Molecular 
during the sorption ^^ep. The result ^^'^^lll'^^^^^.^ L , , , ,han 4% of 
Sieve 13X is a fairly good sorbent for TeFfc below^uu 
the TeFfc was desorbed by evacuating the system to 10 Torr for 1 hr 
temperatures up to 400°C. 

TABLE VII. Sorption Rate and Retention of Te l lu r ium Hexafluoride on 
Linde Molecular Sieve 1 3X at 25°C 

TeFi charge . Z x 1 0 ' ' mole; ini t ial p r e s s u r e , 200 T o r r 

(nnin) 

5.0 
10.0 
15.0 
20.0 

Molecular Sieve 
Sample : Size | 

1 
5 

10 

P e r c e n t of Ini 

1-g 

I 13X 

Ig) 

Sample^ 

79 
84 
91 

>99 
>99 
>99 
>99 

P e r 
Mole 

tial TeFfc Sorbed on 

5-g Sample^ 

99 
>99 
>99 
>99 
>99 
>99 
>99 

cent of Ini t ial TeF t 
cular Sieve 13X dur 

36.5 
1 
1 

Mo lecul lar Sieve 13X 

10-g Sample* 

>99 

>99 
>99 
>99 
>99 
>99 
>99 

Desorbed f rom 
ing Evacuat ionb 

^The calculated TeF^ monolayer capacity of Molecular Sieve 13X was 
1.16 X 10- ' mo le /g . 

^The Molecular Sieve 13X samples were placed under vacuum for deso rp t ion for 
1 hr. 

TABLE VIU. Effect of T e m p e r a t u r e on Sorption Rate and Retent ion of 
Te l lu r ium Hexafluoride on Linde Molecula r Sieve 13X 

TeFt charge , 2 x 10" ' mole ; in i t ia l p r e s s u r e . 200 T o r r ; 
Molecular Sieve 13X c h a r g e , * 5 g 

(min) 

0.5 
1.0 
2.0 
5.0 

10.0 
15.0 
20.0 

2 5°C 

99 
>99 

> 9 9 
> 9 9 
> 9 9 
>99 
>99 

100»C 

>97 

> 9 8 

99 
>99 . 
>99 
> 9 9 
> 9 9 

TeF, 

200°C 

>91 
95 

>98 

>99 
>99 
>99 
^99 

M n l 

300°c'' 

76. 77 
79, 79 
84, 84 
92, 92 
95, 96 
96, 97 
96, 97 

13X 

400°C 

55 
62 
70 

79 
87 

90 
90 

^The calculated TeFf, monolayer capaci ty of Molecula r Sieve 13X was 1.16 x 10"^ m o l e / g . 
The second of the two number s r e p r e s e n t s the pe rcen t T e F t so rbed in the p r e s e n c e of a 
sodium fluoride t r a p for hydrogen f luoride. 



Table IX presents nitrogen B E T . sur face-area measurennents 
on Molecular Sieve 13X before and after TeFj sorption at tennperatures up 
to 400''C. No data are available, however, to indicate changes in surface 
area of Molecular Sieve 13X upon heating in the absence of TeFj. 

TABLE IX B E T . Surface-area Measurennents of 
Linde Molecular Sieve 1 3X 

Reaction tinne: 20 min 

Description of B E T . Surface Area Percent of Surface 
Molecular Sieve 13X Sample (mVg) Covered with TeFj 

Material as received 280 
Reacted at 100°C with TeFj 24.3 34 
Reacted at 200°C with TeFfc 25 34 
Reacted at 300°C with TeFj 8 34 
Reacted at 400°C with TeFfc 13 31 

b. Molecular Sieve lOX. Sorption studies of TeFj on Molecular 
Sieve lOX were performed by reacting 10- and 20-g sannples of the sorbent 
at 25°C with 2 x 10"' mole of TeFfc at 200 Torr. The results of these studies 
showed that both the rate of TeFfc sorption and the capacity of the Molecular 
Sieve for TeFfc are comparable to those for Molecular Sieve 13X. However, 
the retention of TeFfc by Molecular Sieve lOX was very poor. 

4. Magnesium Fluoride. Sodium Fluoride, and Soda Lime 
% 

The sorption propert ies of 14-18 mesh MgFj for TeFj were 
evaluated at 25 and 200°C. At 25°C. the rate of TeFfc sorption is rapid until 
about 10% of the surface is covered; at 200°C. the TeFj sorption rate is 
rapid until about 6 6% of the surface is covered. None of the TeFj sorbed 
by the MgFj was desorbed when the reaction product was evacuated to 

Sodiunn fluoride was evaluated as a sorbent for TeFj by reacting 
2 X 10"^ moles of TeFt with 20-g sannples of sodium fluoride at 100, 200 and 
300°C. The resul ts indicated no sorption. 

Soda lime was evaluated by reacting 2 x 10" mole of TeFfc with 
20-g samples of soda lime at 25, 100, and 300°C. The resul ts indicated that 
TeFfc appears to sorb slowly on soda lime. 

5. Chemical Traps 

Kinetic studies were carr ied out on a group of reagents of low surface 
a rea whichmight react chemically with TeFfc to form nonvolatile products. The 
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m a t e r i a l s evaluated in this s e r i e s of t e s t s w e r e c o p p e r t u r n i n g s , n i cke l 
wool, copper(II) oxide, a luminum m e t a l , and m e t a l l i c t e l l u r i u m p o w d e r . 

Copper turnings w e r e r e a c t e d with TeFfc at 400 and 500<'C. The 
r e s u l t s , shown in Table X, indicate that TeFfc r e a c t s r ap id ly with m e t a l l i c 
copper at 500°C to form nonvolat i le p r o d u c t s . X - r a y d i f f rac t ion powder 
pa t t e rns showed Cu.Te and C u F , to be the m a j o r r e a c t i o n p r o d u c t s . How-
ever , exces s ive a i r oxidation of the copper at 500°C e l i m i n a t e d th is m a t e r i a l 
f rom fur ther cons idera t ion . 

TABLE X. Reaction Rate of Tellurium Hexafluoride with 
Copper-metal Turnings and Nickel-me tal Wool 

TeFj charge, 2 x 10"' mole; initial pressure , 200 Torr . 
Quantity of copper-metal turnings or nickel-metal wool 

charged to the system, 10 g. 

Copper-metal Turnings Nickel-metal Turnings 

Re action Time 
(min) 

0.5 
1.0 
2,0 
5.0 

10.0 
15.0 
20.0 

TeFf, Reacted TeFj, Reacted TeFf, Reacted TeFfc Reacted 
at 400°C (%) at 500°C (%) at SOO'C (%) at SOO'C^ (%) 

74 98 11 1 
82 99 16 4 
89 >99 28 18 
96 >99 78 80 
97 >99 96 >98 
97 >99 98 >98 
97 >99 98 >98 

^Nickel-metal wool prefluorinated with fluoride at 270°C. 

Samples of nickel wool w e r e r e a c t e d at 500°C with TeFfc. The 
nickel wool in one expe r imen t was p re f luo r ina t ed with f luor ine at 270°C; 
it was not so t r e a t e d in the o ther e x p e r i m e n t . The da ta in Tab le X ind i 
cate that TeFfc r e a c t s slowly with n ickel s u r f a c e s . X - r a y d i f f rac t ion pa t 
t e rns showed NiTe, NiTej , and NiF^ to be r e a c t i o n p r o d u c t s . 

Copper(II) oxide was e s s e n t i a l l y n o n r e a c t i v e at 400 and 500°C 
with T êFfc. Aluminum me ta l did not r e a c t with T e F j at t e m p e r a t u r e s up 
to 500°C. Only a sl ight r eac t ion was noted be tween TeFfc and t e l l u r i u m 
meta l powder at 370°C. 

B. Gas-f low Sorption Studies 

1- Activated Alumina- -TeFfc-Air 

Fac to r i a l l y des igned e x p e r i m e n t s ' " w e r e p e r f o r m e d to d e t e r 
mine the effects of four v a r i a b l e s on the abi l i ty of a c t i v a t e d a l u m i n a to 
remove TeFfc from an a i r s t r e a m . The independent v a r i a b l e s w e r e 



bed tempera ture , bed height, gas velocity, and TeFj gas concentration. Each 
variable was studied at two levels, as shown in Table XI. Since the effect 
of all the variables and an est imate of the f i r s t -order interactions could be 
obtained with a half-factorial design, the studies were res t r ic ted to half-
factorial designs, (To study four variables completely and thus evaluate 
the effects and interactions, a factorial design consisting of 2* or 16 experi
ments would be required.) A half-replicate of eight experiments was 
carr ied out in this design with a ninth run for e r r o r evaluation. The results 
of these experiments were used to determine the effect of all the variables 
on the efficiency of TeFfc removal by activated alumina and permitted an 
estimate of the f i r s t -order interactions. The design of the factorial experi
ments is presented in Table XII, where the variables are presented as (+) 
and (-) for the high and low levels, respectively. 

TABLE XI. Levels of Variables Studied in Factorially 
Designed Investigation with Activated Alumina 

Bed tennperature, °C 
Bed height, in. 
Gas velocity, ft/min 
TeFfc concentration, ppm 

TABLE XII, Factorial Design of Experiments 
with Activated Alumina 

Low Variable 
Level (-) 

25 
1 

20 
250 

H igh 
Le 

Variable 
vel (+) 

100 
2 

40 
500 

Level of Variables 

Sequence of TeFfc 
Experiments Temperature Gas Velocity Bed Height Concentration 

1 - - + + 
2 - + - + 
3 + + + + 
4 + - - + 
5 - + + -
6 - - - -
7 + - + -
8 + + - -
9 - - + + 

Table XIII presents the experimental resul ts for the sorption studies 
on activated alumina. A plot of the resul ts of the experiments (Fig. 3) 
showed a linear relationship between the logarithm of the decontamination 
factor (DF) and the logarithm of the percent surface loading. Fronn Fig. 3 
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TABLE XI I I . Sorption ol TeFfc "" A c t I * * * ! * l i " " l " ' 

Experiment 
Numlier 

1 

2 

3 

4 

s 

6 

7 

I 

9 

Background 

(cpm) 

89 i 4 

94 *- 4 

107 4 4 

94 t 4 

90 i 4 

90 t 5 

96 t 5 

96 t 5 

105 t 4 

TeF6 loading' 

l%l 

2.2 
5.2 
6.5 

9.9 
13.6 

3,8 
6.5 
8.8 

2.6 

5.15 
8.4 

IOO 

1.2 

2.2 
S.9 
1.6 
9.4 

2.1 
45 
6.65 
8.6 

10.5 

1.6 
166 
5.6 
8.0 

2.3 
4.8 
7.1 
8.44 

1.5 
3.2 
S.5 
7.7 

2.35 
5.80 
7,7 

101 

TeFj Activity Present 

on Bed No. i" 
(cpml 

95,210 
221,450 
276.340 

422,780 

582,690 

76.710 
131.900 

176.680 

100,160 
202,600 

329.580 

394.210 

22.510 
40,620 

108.410 
158.470 
173.700 

71,960 
154.060 
229.190 
295.460 
360.620 

27.640 

61,600 
94,240 

134.990 

76,630 
lt«,150 

236,070 
281,100 

23,930 
52,440 
89.970 

126,750 

72.0)0 
177,480 
237.700 

310.360 

TeFfc Activity Present 
on Bed No. 2^ 

(cpml 

0 ! 6 
20 

175 

5,390 

45.540 

5.770 

18.710 
35.830 

15.5 

1,130 

9,260 
21,730 

30 

110 
2.450 
8,200 

15,640 

60.5 
1,220 

6,110 
14.380 

25.960 

420 
3200 

10.750 
26.570 

14 
600 

3800 
8.590 

300 
2,245 

10,750 
20,480 

0 4 6 
61 

437 
2.390 

OtKerved 

DF^ 

> 10.000 

11.070 

1,580 

78 
13 
13 
7 

5 
6.460 

180 

36 
18 

750 
369 

44 
19 
11 

1,190 

127 
38 
21 
14 

66 
19 
9 
5 

5.470 

266 
62 
33 

79 
23 
8 
6 

> 10.000 

2.910 
544 
130 

^The percent TeFg surface loading is based on the B.EJ. surface area ol theaclivatedalumina, and assumes that at 100% 
TeF^ loading, each sortwj TeFj molecule occupies 40 A2 of B.E.T. surface area. 

t>Bed Uo. 1 is the first of two tjeds placed in series for TeF^ sorption. 
'̂ Bed No, 2 is the second of two beds placed in series for TeFf, sorption. 
''The observed DF is defined as the ratio of the TeFg concentration entering bed No, 1 to the TeFg concentration leaving 

bed No. 1. 

TtFa DECONTAMINATION FACTOR 
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Fig. 3. Decontamination of Air Streams from TeFg by Activated Alumina 
as a Function of TeFg Loading. Bed Temperature. Bed Height. 
Gas Velocity, and TeFg Concentration (see Table XII) 



Effect* on T e F j 
Capacity at 
DF of 1000 

-0.22 

-1.44 

+ 3.71 

+ 1.54 

Effectt" on 
Log DF at 

5% Loading 

-0.09 

-0 .68 

+ 1.52 

+0.74 

the nnagni tude of t he effects of each v a r i a b l e on the eff ic iency of T e F j r e 
m o v a l by a c t i v a t e d a l u m i n a can be c a l c u l a t e d at any loading or at any d e 
c o n t a m i n a t i o n , the l a t t e r c o r r e s p o n d i n g to the T e F ^ r e m o v a l ef f ic iency. 

Two a n a l y s e s on the effects of the v a r i a b l e s w e r e p e r f o r m e d . 
In the f i r s t a n a l y s i s , the effect of the v a r i a b l e s on the log of the T e F j 
d e c o n t a m i n a t i o n f ac to r a t 5% load ing w a s d e t e r m i n e d ; in the s econd a n a l y 
s i s , the effect of the v a r i a b l e s on the p e r c e n t T e F j loading at 99.9% T e F ^ 
r e m o v a l (DF = 1000) w a s e v a l u a t e d . T a b l e XIV shows the r e s u l t s of t h e s e 
a n a l y s e s . 

TABLE XIV. Effect of Var i ab les in Fac to r i a l ly Designed 
E x p e r i m e n t s with Activated Alumina 

Inc reas ing Var iab les 

T e m p e r a t u r e , 25-100°C 

Gas velocity, 20-40 f t /min 

Bed height, 1-2 in. 

TeF^ concent ra t ion , 250-500 ppm 

Mean value of T e F t capaci ty and 
log DF, r e spec t ive ly 2.34 1.96 

In te rac t ions : 

(1) Gas f low-TeFt concent ra t ion or 
(2) Bed h e i g h t - t e m p e r a t u r e -0 .79 

(1) Gas flow-bed height or 
(2) T e m p e r a t u r e - T e F j concent ra t ion -0.87 

(1) Bed h e i g h t - T e F j concent ra t ion or 
(2) T e m p e r a t u r e - g a s flow +1.16 

Standard deviat ion of effects 0.07 

^Values e x p r e s s e d in pe rcen t loading. 
"Values e x p r e s s e d in log DF. 

A i r p u r g e s t u d i e s to d e t e r m i n e the s t ab i l i t y of the s o r b e d T e F ^ 
on a c t i v a t e d a l u m i n a ind ica ted tha t the s o r b e d T e F j is s t a b l e t o w a r d d r y 
a i r p u r g e s at f l o w r a t e s of 20 -40 f t / m i n for a l l T e F j l oad ings i n v e s t i g a t e d . 
T h e s e a i r p u r g e s w e r e of a 3 0 - 6 0 - m i n d u r a t i o n . 

T h e d i s t r i b u t i o n of T e F ^ in the f i r s t o r s e c o n d s o r b e n t bed for 
t h r e e e x p e r i m e n t s w a s d e t e r m i n e d ; T a b l e XV p r e s e n t s the r e s u l t s . 

-0 .46 

- 0 . 3 1 

+0.44 

0.09 
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„ . ., . „f Tolliiri i im Hexaf luor ide on Act iva ted Alumina TABLE XV. Distr ibut ion of Te l l u r i um n e x ^ n u u 

Data from Bed No. 1 of E x p e r i m e n t 7 

Posi t ion from 
Top of Bed^ 

(in.) 

Activity^ of l / 4 - i n . Bed Sect ions a t P a r t i c u l a r 
T e F t Bed Loading'^ and DF 

2.3%, DF = 5,470 4. DF 266 7.1%, DF = 62 8.44%, DF = 33 

0 to 1/4 
1/4 to 1/2 
1/2 to 3/4 
3/4 to 1 

1 to 1-1/4 
1-1/4 to 1-1/2 
1-1/2 to 1-3/4 
1-3/4 to 2 

477 
1,490 
3,310 
8,900 

17,490 
23,450 
21,940 

8,440 

1,800 
5,960 

12,010 
20,040 
34,150 
42,660 
36,710 
19,550 

4,280 
18,220 
23,360 
31,190 
41,320 
65,660 
41,000 
24,100 

6,370 
27,770 
29,200 
45,750 
58,890 
51,940 
48,930 
31,980 

Data from Bed No. 1 of E x p e r i m e n t 8 

Posi t ion from 
Top of Bed^ 

(in.) 

Activi ty ' ' of l / 4 - i n . Bed Sect ions at P a r t i c u l a r 
T e F t Bed Loading*^ and DF 

1.5%, DF = 79 3.2%, DF = 23 5.5%, DF 7.7%, DF 

0 to 1/4 
1/4 to 1/2 
1/2 to 3/4 
3/4 to 1 

5,190 
6,190 
6,870 
5,350 

11,380 
17,520 
14,070 
9,320 

19,350 
31,070 
25,290 
16,540 

28,260 
40,500 
30,290 
19,210 

Data from Bed No. 2 of Expe r imen t 6 

Posi t ion from 
Top of Bed^ 

(in.) 

Activi ty ' ' of l / 4 - i n . Bed Sect ions at P a r t i c u l a r 
T e F j Bed Loading"^ and DF 

1.64%, DF = 66 3.7%,, DF 19 5.6%, DF 8.0%, DF 

0 to 1/4 
1/4 to 1/2 
1/2 to 3/4 
3/4 to 1 

97 
136 
114 
93 

798 
951 
711 
217 

2.670 
2,760 
1,820 
1,660 

4,700 
5,500 
6,100 
4,400 

Gas flow enters at bottom of the bed. 
The activity is expressed in cpm per l / 4 - i n . bed sec t ion , 

*-The TeF t bed loading is exp res sed in pe rcen t . 

B P L A c t i v a t e d C h a r c o a l - - T e F ^ - A i r 

A h a l f - r e p l i c a t e f a c t o r i a l d e s i g n of f o u r e x p e r i m e n t s w a s 

c a r r i e d out to d e t e r m i n e t h e e f f e c t s of b e d h e i g h t , g a s v e l o c i t y , a n d T e F t 

c o n c e n t r a t i o n on t h e a b i l i t y of B P L a c t i v a t e d c h a r c o a l t o r e m o v e T e F j 

f r o m a T e F ^ - a i r m i x t u r e , w i t h a fif th e x p e r i m e n t f o r e r r o r e v a l u a t i o n . A 

c o m p l e t e f a c t o r i a l d e s i g n f o r t h r e e v a r i a b l e s i s 2^ o r e i g h t e x p e r i m e n t s . 

T a b l e XVI p r e s e n t s t h e l e v e l s of t h e v a r i a b l e s s t u d i e d in t h e s e e x p e r i m e n t s . 

T h e d e s i g n of t h e f a c t o r i a l e x p e r i m e n t s i s p r e s e n t e d i n T a b l e X V I I , w h e r e 

t h e v a r i a b l e s a r e p r e s e n t e d a s (+) a n d ( - ) f o r t h e h i g h a n d l o w l e v e l s , 

r e s p e c t i v e l y . T a b l e X V I I I a n d F i g . 4 p r e s e n t t h e r e s u l t s nf t h e = t , ,^ , . 
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TABLE XVI. Levels of Var i ab le s Studied in Fac to r i a l l y 

Designed Invest igat ion with B P L Activated Cha rcoa l 

Low Var iab le High Var iable 
Level (-) Level (T) 

Bed height, in. 1 2 

Gas velocity, f t /min 20 40 
TeFfc concent ra t ion , ppm 190 380 

TABLE XVII. F a c t o r i a l Design of Expe r imen t s 
with B P L Activated Charcoa l 

„ - Level of Var i ab le s 
Sequence of . 
Expe r imen t s Gas Velocity Bed Height T e F j Concentra t ion 

1 + + 
2 + - + 
3 - -
4 - + + 
5 - -

T A B L E XVI I I S o r p t i o n of T e F j on B P L A c t i v a t e d C h a r c o a l 

E x p e r i m e n t 

1 

2 

3 

4 

sd 

B a c k g r o u n d 

( c p m ) 

165 

100 

1 0 5 

1 0 5 

1 0 5 

T e F t 
L o a d i n g 

(%) 
2 .4 
3.7 

4 . 4 

5.0 
5.6 

2 .0 
2 .7 

3 .4 

4 .3 

2 .6 

3.3 
4 . 3 

5.1 

4 . 4 

4 . 8 

5.0 

2 . 9 
3.7 

4 .2 

T e F t A c t i v i t y 
P r e s e n t on 
B e d N o . 1* 

( c p m ) 

1 5 4 , 7 0 0 
2 4 2 , 9 0 0 

2 8 8 , 4 0 0 * 
3 2 4 , 0 0 0 
3 6 4 , 3 0 0 

6 4 , 1 3 0 

8 7 , 3 0 0 
1 0 8 , 3 0 0 
1 3 6 , 4 0 0 

7 8 , 7 6 0 

1 0 2 , 0 0 0 

1 3 2 , 7 8 0 
1 5 7 , 4 0 0 

2 6 5 , 0 0 0 
2 8 8 , 0 0 0 

2 9 8 , 6 0 0 

8 6 , 0 0 0 

1 0 9 , 0 0 0 
1 2 4 , 8 0 0 

T e F t A c t i v i t y 
P r e s e n t on 
B e d N o . Z^ 

( c p m ) 

_ 
32 

190 
4 6 0 

1,230 

117 

581 
1,450 
4 , 9 8 0 

165 
580 

2 , 4 5 0 
5 ,250 

6 
167 

300 

2 1 5 
1,400 

5 ,300 

O b s e r v e d 
DF"^ 

. 
7 ,590 

1,520 
704 
2 9 6 

548 

150 
75 
27 

4 7 7 

176 
54 
30 

4 4 . 1 6 0 
1,720 

9 9 5 

4 0 0 
7 8 
24 

^ B e d N o . 1 i s t h e f i r s t of t w o b e d s p l a c e d in s e r i e s fo r T e F j s o r p t i o n . 

^ B e d N o . 2 i s t h e s e c o n d of t w o b e d s p l a c e d in s e r i e s f o r T e F ^ s o r p t i o n . 
^ T h e o b s e r v e d D F i s d e f i n e d a s t h e r a t i o of t h e T e F ^ c o n c e n t r a t i o n e n t e r i n g bed 

N o . 1 t o t h e T e F j c o n c e n t r a t i o n l e a v i n g b e d N o . 1. 
^ E x p e r i m e n t 5 i s a d u p l i c a t e of E x p e r i m e n t 3 a n d w a s r u n t o e s t i m a t e t h e e r r o r , 

,^^.;.;,^ ..r : ; i - . s - - iL io : LI: _ £ - i e X I X . 
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T. F, DECONTAMINATION FACTOR 

Fig. 4. Decontamination of Air Streams from TeFg as a Function 
of Bed Loading Using BPL Activated Charcoal 

The r e s u l t s again showed a l i nea r r e l a t i o n s h i p be tween the logarithxri of 
the DF and the loga r i t hm of the p e r c e n t T e F t loading . F r o m Fig 4 the 
magni tude of the effects of each v a r i a b l e can be ca l cu l a t ed at any loading 
or at any decontaminat ion, the l a t t e r c o r r e s p o n d i n g to the T e F t - - e"^"^^ ! 
efficiency The effect of v a r i a b l e s on the p e r c e n t T e F t loading a t 99.97o 
T e F t r emova l (DF = 1000) was evalua ted . Tab le XIX p r e s e n t s the r e s u l t s 
of this ana ly s i s . 

TABLE XIX. EHects o£ Var iab les in Fac to r i a l l y Designed 
Exper iments with BPL Activated Cha rcoa l 

Increas ing Var iab les 

Effect on 
T e F t Capaci ty 
at DF of 1000^ 

Gas velocity, 20-40 f t /min 
Bed height, 1-2 in, 
T e F t concentrat ion, 190-380 ppm 
Mean value of T e F t capacity at DF 
Standard deviation of effects 

- 0 . 3 3 
+ 2 .90 

0.0 
3.37 

0.13 

^Values expressed in percent loading. 

3. Magnesium Fluoride--TeF^-Air 

Studies of magnesium fluoride as a sorbent for TeF^ were 
performed in a single experiment at 25°C on a 2-in. sorbent bed at a gas 
velocity of 20 ft/min and a TeF(, concentration of 500 ppm. The results 
of this study (presented in Table XX) indicate that magnesium fluoride is 
a poor sorbent for TeFj,. 

TABLE XX. Sorption of T e F t on Magnes ium F l uo r i de 
in a Gas-f low Sys tem 

Background 
(cpm) 

T e F t 
Loading 

(%) 

TeFfc Activity 
P r e s e n t on 
Bed No. 1 

(cpm) 

TeFfc Activi ty 
P r e s e n t on 
Bed No. 2 

(cpm) 
Observed 

DF 

1.53 
2.52 

10,752 
17,768 

5,697 
9,257 

1.9 
1.9 



4. L i n d e M o l e c u l a r S ieve 1 3 X - - T e F ^ - A i r 

Ba t ch T e F j s o r p t i o n s t u d i e s on M o l e c u l a r S ieve 13X ind ica ted 
tha t t h i s m a t e r i a l p o s s e s s e s f a i r ly good s o r p t i v e p r o p e r t i e s t o w a r d T e F ^ . 
G a s - f l o w s o r p t i v e s t u d i e s , h o w e v e r , p e r f o r m e d u n d e r cond i t i ons that w e r e 
n e a r o p t i m u m for s o r p t i o n of T e F j on o t h e r s o r b e n t s ( E x p e r i m e n t s 1 and 
2, T a b l e XXI), i n d i c a t e tha t M o l e c u l a r S ieve 13X p o s s e s s e s only fa i r T e F j 
s o r p t i v e p r o p e r t i e s . T h e r e s u l t s a l s o show a l i n e a r r e l a t i o n s h i p be tween 
the l o g a r i t h m of t he c a l c u l a t e d D F and the l o g a r i t h m of the p e r c e n t T e F j 
load ing . 

TABLE XXI. Sorption of T e F j by Linde Molecular Sieve 13X and by 
Activated Alumina from a Gas-f low Sys tem^ 

T e F t Activity T e F j Activity 
T e F j P r e s e n t on P r e s e n t on 

Background Loading Bed No, 1 Bed No. 2 Observed 
Expe r imen t (cpm) (%) (cpm) (cpm) DF 

1 109 

102 

1.2 
4.0 
6.3 
9.0 

1.60 
3.35 
6.37 

Z.Z 
5.2 
6.5 
9.9 

28,453 
95,596 
150,492 
213,270 

37,618 
78,930 
150,053 

95,213 
221,454 
276,342 
422,780 

125 
2,110 
7,308 
19,048 

42 
308 

2,001 

0 
20 
175 

5,392 

228 
45 
20 
11 

896 
256 
75 

MO, 000 
11,070 
1,580 

78 

3** 89 

^ E x p e r i m e n t s 1 and 2 w e r e c a r r i e d out at 25°C on a 2-in, bed of Molecular 
Sieve 13X at a T e F j concent ra t ion of 500 ppm. In Exper imen t 1, the gas 
velocity was 40 f t /min; in Expe r imen t 2, it was 20 f t /min . 

' 'Act ivated a l u m i n a - T e F j study under va r i ab l e conditions comparab le to 
Expe r imen t 2 (see Expe r imen t 1, Table XIII). 

5. Ac t iva t ed A l u m i n a - - T e F t - F 2 - A i r 

The p r e s e n c e of f luor ine in f l u o r i d e - v o l a t i l i t y p r o c e s s of f -gas 
s t r e a m s fed to the T e F ^ s o r p t i o n t r a p m u s t be c o n s i d e r e d . U p s t r e a m f r o m 
the T e F ^ s o r p t i o n t r a p , the of f -gas wi l l be p a s s e d th rough a f luidized bed 
of a c t i v a t e d a l u m i n a , w h e r e n e a r l y a l l the f luor ine wi l l be r e m o v e d without 
the bed cak ing o b s e r v e d when a high c o n c e n t r a t i o n of f luor ine is p a s s e d 
t h r o u g h a p a c k e d bed of a c t i v a t e d a l u m i n a . N e v e r t h e l e s s , low c o n c e n t r a 
t i o n s of f l uo r ine wi l l be p r e s e n t in the gas s t r e a m fed to the T e F ^ s o r p t i o n 
t r a p . T h e p o t e n t i a l h a z a r d of an u n c o n t r o l l e d c h a r c o a l - f l u o r i n e r e a c t i o n 



m a k e s the u s e of B P L c h a r c o a l l e s s d e s i r a b l e than a l u m i n a . C o n s e q u e n t l y , 
only a packed bed of ac t iva ted a l u m i n a w a s eva lua t ed for the r e m o v a l of 
TeFfc from a TeFfc-Fj -a i r s t r e a m . 

The e x p e r i m e n t was p e r f o r m e d u n d e r cond i t i ons tha t gave t h e 
bes t T e F , decontamina t ion in the e a r l i e r s e r i e s of e x p e r i m e n t s wi th a c t i -
Z e . a l u m i n a - T e F . - a i r , that i s , at 25"G, a T e F . c o n c e n t r a ^ o n of 500 p p m . 
a 2- in bed of ac t ivated a lumina , and a gas ve loc i ty of 20 f t /nnin. The f luo
r ine concent ra t ion was a r b i t r a r i l y se t at 500 p p m . The r e s u l t s of t h i s s tudy 
a r e p r e s e n t e d as E x p e r i m e n t 1 in Tab le XXII and F i g . 5, a long wi th the r e 
sul ts obtained for ac t iva ted a lumina under e x p e r i m e n t a l cond i t ions c o m 
p a r a b l e to the condi t ions u s e d in E x p e r i m e n t 1. but in a f l u o r i n e - f r e e 
s y s t e m (see E x p e r i m e n t 1, Table XII). F i g u r e 6 shows the T e F ^ p r o f i l e 
at va r ious bed loadings of bed No. 1 in E x p e r i m e n t 1. 

TABLE XXII. Sorption of TeFj by Activated Alumina from a 
Gas-flow System with and without Elemental Fluorine 

121 

89 

TeFfe 
Loading 

(%) 

1.05 
4.82 
7.03 
8.84 

11.76 

2.2 
5.2 
6.5 
9.9 

TeFfc Activity 
Present on 
Bed No. 1 

(cpm) 

10,500 
48,050 
70,000 
88,000 

117,150 

95,213 
221,454 
276,342 
422,780 

TeFfc Acti 
Present 
Bed No. 

(cpm) 

0 ± 5 
28 

203 
647 

3,000 

0 ± 5 
20 

175 
5,392 

vity 
on 
2 Observed 

D F 

1,000 
1,714 

345 
136 

39 

10,000 
11,070 

1,580 
77 

Activated alumina-TeFg study under variable conditions that are connparable 
to conditions for Experiment 1, but in a fluorine-free system (see Experi
ment 1, Table XII). 

S 5 10" 3 5 W' 3 5 

T i F, DECONTAM[̂ ATION FACTOR 

Fig. 5. Decontamination of Air-Fluorine Streams from Te?Q by 
Activated Alumina as a Function of Bed Loading 
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2 3 4 5 6 7 a 
1/4-IN BED SECTIONS FROM TOP TO BOTTO*! OF BEO 

Fig. 6. Profile of TeFg Soibed on Activated Aluinina 
in the Presence of Fluorine 

T h e p r e s e n c e of f luor ine in the T e F j - c o n t a i n i n g gas s t r e a m 
m a y a l s o c a u s e d i s p l a c e m e n t of p r e v i o u s l y s o r b e d TeFfc f rom ac t iva t ed 
a l u m i n a . To e v a l u a t e the i m p o r t a n c e of th is po ten t i a l p r o b l e m , a 2- in . bed 
of a c t i v a t e d a l u m i n a w a s s u r f a c e - l o a d e d with a p p r o x i m a t e l y 13,8% r a d i o -
tagged TeFfc u n d e r the e x p e r i m e n t a l condi t ions u s e d in E x p e r i m e n t 1 
(Tab le XII). At t h i s point , the DF a c r o s s the bed was 12.8. Bed No. 2, the 
s e c o n d bed in s e r i e s , w a s r e p l a c e d with a f r e s h 2 - in . bed of ac t i va t ed a lu 
m i n a . An a i r - f l u o r i n e gas m i x t u r e a t a f l owra t e of 20 f t / m i n and a f luor ine 
c o n c e n t r a t i o n of 1000 ppm w a s then p a s s e d into bed No. 1, and the g a s e s 
exi t ing f r o m the top of bed No. 1 w e r e ad jus t ed to a t e l l u r i u m hexa f luo r ide 
c o n c e n t r a t i o n of 500 p p m with n o n r a d i o a c t i v e T e F j . The r e m o v a l of T e F j 
f r o m bed No. 1 was a c c o m p a n i e d by the bui ldup of ac t iv i ty on bed No. 2 
and by c h a n g e s in the T e F j p ro f i l e on bed No. 1, both a s a function of t i m e . 
F i g u r e 7 shows the bui ldup of ac t iv i ty on bed No. 2; F i g . 8 shows the p r o 
file of TeFfc on bed No. 1 a s a function of the f luor ina t ion t i m e . T h e s e 
s t u d i e s c l e a r l y i n d i c a t e tha t f l uo r ine d o e s d i s p l a c e t e l l u r i u m h e x a f l u o r i d e 
f r o m a c t i v a t e d a l u m i n a . 
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Fig. 7 

Rate of TePg Buildup on Bed No. 2 
during Fluorination of Bed No. 1 
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Fig. 8 

Profile of TeFg on Activated Alumina 
as a Function of Fluorination Time 
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PEfiCENTOF 
FLUORINATION ACTIVATED ALUMINA 

SYMBOL TIMEImin) CONVERTED TO A lF ; 

1/4-IN BED SECTIONS FROM TOP TO BOTTOM OF BED 

The results of Experiment 1 (Table XXII) were extrapolated in 
Fig. 5 to give a value of 28% TeFfc surface loading at DF = 1. This means 
that the maximum obtainable TeFfc surface loading on activated alumina 
under the experimental conditions studied is 28%. To verify this maximum 
surface loading and to better understand how bed depth affects the removal 
efficiency of TeFfc and its retention during subsequent fluorination with 
elemental fluorine, studies were performed on 6-in. packed beds of acti
vated alumina. Tellurium hexafluoride loading profiles for the activated 
alumina beds were obtained during the TeFfc loading step and during the 
subsequent bed-fluorination step. The TeFfc sorption step in this study 
was carried out under the same experimental conditions as those in 
Experiment 1, Table XXII, except for the bed length. 

The results of the sorption study are presented in Table XXIII 
and show that maximum TeFfc surface loadings in excess of 25% are ob
tained on the lower 2 in. of the 6-in. bed, and that 17 and 1% surface load
ings are obtained for the middle and top 2-in. bed sections, respectively. 
Examination of the individual l /4-in. bed sections reveals bed loadings in 



excess of 33% in the lower bed sections and 0% loadings in the upper bed 
sections. These TeFj surface-loading resul ts confirm the extrapolated 
maximum average value of 28% TeF^ surface loading. The overall DF 
for the 6-in. bed was >20,000 at the maximunn loading level studied. 

TABLE XXIII. Distribution of Tellurium Hexafluoride on a 
6-in. Bed of Activated Alumina 

Bed Sections 
( l / 4 - i n . ) from 
Bottom to Top 

of Bed 

1 
2 

3 
4 
5 
6 
7 

8 

9 
10 
11 
12 
13 
14 

15 
16 
17 
18 

19 
20 
2 1 
22 
23 
24 (Top 1/4-

Activity^ 
2 in. oi 

6.3% 

3, 
6, 
6, 
7, 
3. 
2, 
1, 

• i n . 

540 
,360 
,970 
,150 
,830 
,750 
,830 
. b 

sect ion 

(in cpm) 0 
[ Bed Had 

12.4% 

6,000 
8,200 

13,600 
12,600 
8,200 
8,200 
4,600 
2,100 

232 

no 
. b 

of 6-in. b 

f 1/4-in. Bed 
Bed- loading 

2 1 % 

6,640 
12,800 
16,200 
18,800 
16,200 
14,600 
13,600 
10,800 
4,400 
2,400 
1,600 

800 
. b 

• 

,ed) 

Sections Wh 
P e r c e n t a g e s 

25% 

7,000 
13,200 
17,600 
21,400 
17,200 
21,000 
16,600 
18,600 
12,000 
9,200 
8,400 
5,000 
5,800 
1,000 

. b 

en Lower 
Stated 

25.5% 

7,800 
11,200 
20,600 
21,400 
18,000 
22,000 
18,000 
15,400 
15,200 
15,000 
15,000 
13,800 
12,000 
9,400 
7,000 
4,600 
2,800 
1,600 

500 
. b 

^An activity of 5,270 cpm per 2 in. of bed is equal to 1% TeFj surface 
loading. 

''Level of activity was equal to background. 

This 6-in. bed of activated alumina, loaded with TeFfc, was 
next fluorinated with fluorine at a concentration of 12,200 ppm and at a gas 
velocity of 20 ft/min. The resul ts of this study (shown in Table XXIV) in
dicated that fluorine partially displaces the sorbed TeFfc from the activated 
alumina surface. The initial removal of the TeFfc from the 6-in. bed was 
noted after 0.022 mole of fluorine had passed into the bed. During the period 
when 0.1 mole of fluorine was injected into the bed, 5% of the TeFfc present 
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was r e m o v e d from the bed; dur ing the p e r i o d when 0.2 m o l e of f luor ine 
was injected, 9% of the TeFfc was r e m o v e d f rom the bed . T a b l e XXIV shows 
the prof i le of the T e F j on the bed as a function of the f luor ine in jec ted . 

TABLE XXIV. TeFfc Profile on a 6-in. Bed of Activated 
Alumina after Fluorine Injections of 0.1 and 0.2 mole 

Bed Sections 
(l/4-in.) from 
Bottom to Top 

of Bed 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Total cpm 

Percent TeFj 
Removed by 
Fluorine 

Activity 1 

0 mole of F2 

7,800 
11,200 
20,600 
21,400 
18,000 
22,000 
18,000 
15,400 
15,200 
15,000 
15,000 
13,800 
12,000 
9,400 
7,000 
4,600 
2,800 
1,600 

500 

231,300 

0.0 

[in cpm 
Stated 

0. 

) of 1/4-in. Bed Sections after 
Fluorine Injections 

1 mole of F2 0 

3,000 
7,600 
9,600 
8,400 

13,000 
13,000 
13,600 
11,400 
15,000 
13,400 
13,600 
10,200 
13,000 
11,600 
9,400 

11,400 
9,600 
7,400 
8,800 
5,800 
5,000 
3,600 
1,800 
1,200 

220,400 

5 

,2 mole of F2 

3,400 
4,400 
6,200 

11,000 
12,400 
12,600 
10,600 
12,200 
14,400 
12,600 
12,200 
10,800 
12,000 
11,600 
11,000 
11,000 
8,600 
8,000 
8.000 
6,400 
4,600 
3,600 
1,800 
1,200 

210,600 

9 

The f i r s t 6- in. bed w a r m e d sl ight ly (~50°C) dur ing the fluorina
t ion s tep, but b e c a m e cool again af ter 0.080 m o l e of f luor ine had p a s s e d 
into It. Bed No. 2 then b e c a m e w a r m unt i l about 0.179 m o l e of fluorine 
had been injected into the s y s t e m . 

Since a 6-in. bed of ac t iva ted a l u m i n a has a s u r f a c e c a p a c i t y 
for fluorine of 0.074 mole (if one a s s u m e s that a s o r b e d fluoride ion o c -
cupi_es 10 A^ of B .E .T . su r f ace a r e a or the a p p r o x i m a t e a r e a occup ied by 
a F on the face of c r y s t a l l i n e a l u m i n u m f luor ide) , only the s u r f a c e of the 
act ivated a lumina is apparen t ly being c o n v e r t e d to fluoride du r ing the 



fluorination step in these experiments. Conversion to AIF3 of 30 g of act i 
vated alumina (6-in. bed) requires about 1 mole of fluorine, if one assumes 
the following reaction: 

AljOj-HjO + 4F2 - 2AIF3 + 2HF + 2O2. 

To determine whether activated alumina that has been fluorin
ated is an effective sorbent for TeFj , the following study was made. Packed 
beds of activated alumina, 2 in, high, were charged to the gas-flow appara
tus. The beds were then contacted with approximately 0.2 mole of fluorine. 
Surface-area measurements on the fluorinated activated alumina gave a 
nitrogen B.E.T. surface area of 125 rn^/g. Sorption studies with TeF j were 
then carr ied out with the beds, using the experimental conditions employed 
in Experiment 1, Table XXII. The conditions were: (1) gas velocity, 
20 ft/min, (2) bed height, 2 in., (3) tempera ture , 25°C, (4) TeF j concentra
tion, 500 ppm, and (5) fluorine concentration, 500 ppm. The study was r e 
peated with no fluorine in the gas mixture. In both cases , no TeFfc was 
sorbed. The resul ts of these studies indicate that fluorinated activated 
alumina has little or no capacity for tellurium hexafluoride. 

C. Heat-of-sorption Studies on Activated Alumina-TeFfc 

A ser ies of TeFfc sorption studies was performed on activated alu-
to obtain sorption isotherms from which the heat of sorption could 

be estimated. The isotherms were 
obtained at 5, 26, 40, and 60°C 
and are presented in Fig. 9. F rom 
a plot of the p re s su re of TeF j 
abo^e the alumina against the r e 
ciprocal absolute temperature for 
the percent surface loadings of 
sorbed TeFfc, the heat of sorption 
can be determined by using the 
equation 

log "5" 
AH 

2.3R Ul • TJ-

Fig. 9. Sorption Isotherms for TeFg 
on Activated Alumina 

w h e r e AH is the hea t of s o r p t i o n 
in c a l / m o l e , R is a c o n s t a n t , and 
P p P2. T p and T^ a r e the p r e s 
s u r e s and a b s o l u t e t e m p e r a t u r e s . 

F r o m such a plot , AH was found to be 5 k c a l m o l e " ' . In c o m p a r i s o n , t he 
hea t of s u b l i m a t i o n ' for T e F j i s 6 k c a l m o l e " ' . The va lue of 5 kca l for 
the hea t of s o r p t i o n is a t yp ica l va lue for p h y s i c a l a d s o r p t i o n on a so l id 
s o r b e n t . 
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IV. DISCUSSION 

The r e s u l t s of the ba t ch - type so rp t ion s tud i e s r e v e a l e d tha t of t he 
so rben t s s tudied, ac t iva ted a lumina , B P L ac t iva ted c h a r c o a l , L inde M o l e c 
u la r Sieve 13X, m a g n e s i u m f luor ide , and c o p p e r - m e t a l t u r n i n g s showed the 
g r e a t e s t abi l i ty to rap id ly s o r b and r e t a i n TeFfc. The fact tha t c o p p e r - m e t a l 
tu rn ings would probably c o r r o d e to the oxide f a i r ly r ap id ly at 500°C in an 
a i r s y s t e m removed this m a t e r i a l f r o m fu r the r c o n s i d e r a t i o n . The m a g n e 
s ium f luor ide , al though not appea r ing to p o s s e s s a high c a p a c i t y for TeFfc, 
did exhibit exce l len t r e t en t ion of TeFfc, and fu r the r s t u d i e s s e e m e d w a r 
ran ted . The ac t iva ted a lumina s e e m e d the m o s t p r o m i s i n g of the r e a g e n t s 
s ince it a p p e a r e d to be effective over a wide t e m p e r a t u r e r a n g e ; it is r e l a 
t ively inexpensive and has been used in f lu id-bed f l u o r i d e - v o l a t i l i t y p r o c e s s 
s y s t e m s for off-gas t r e a t m e n t . B P L ac t iva ted c h a r c o a l and L inde M o l e c u l a r 
Sieve 13X a l so a p p e a r e d p r o m i s i n g as s o r b e n t s for TeFfc. 

The p r e l i m i n a r y b a t c h - t y p e s c r e e n i n g s tud i e s a l s o ind ica ted tha t the 
TeFfc was probably so rbed on the s u r f a c e of the s o r b e n t s . The s o r p t i o n 
i s o t h e r m s for TeFfc on ac t iva ted a lumina ind ica te a hea t of s o r p t i o n of 5 k c a l 
m o l e " ' (see F ig . 9) and p o s s e s s m a n y of the c h a r a c t e r i s t i c s t y p i c a l of s u r 
face sorp t ion i s o t h e r i n s . Thus , su r f ace so rp t ion was a s s u m e d in the s i m p l e 
t r e a t m e n t of sorp t ion data in th is r e p o r t . 

The r e s u l t s obtained f rom the h a l f - f a c t o r i a l d e s i g n wi th a c t i v a t e d 
a lumina r evea led that of the v a r i a b l e s s tudied , bed he ight was the m o s t 
impor tan t in the gas- f low s y s t e m s . The s a m e r e s u l t was a l s o found in the 
fac tor ia l ly des igned e x p e r i m e n t with B P L ac t iva t ed c h a r c o a l A s h o r t , 
1-in. bed (see Table XV) does not a p p e a r to p e r m i t a TeFfc c o n c e n t r a t i o n 
gradient to develop. Consequent ly , low TeFfc r e m o v a l e f f i c i enc ies a r e o b 
tained in shallow beds . When ac t iva t ed a l u m i n a was u s e d , the m a g n i t u d e s 
of the effects of gas ve loc i ty and TeFfc c o n c e n t r a t i o n w e r e about 40% of the 
effect of bed height ; when c h a r c o a l was used , no effect was noted for TeFfc 
concen t ra t ion and only a s l ight effect for gas ve loc i ty . With a c t i v a t e d a l u m i n a 
sorbent , t h e r e was l i t t l e or no t e m p e r a t u r e effect. 

In t e rac t ions of v a r i a b l e s (as l i s t ed in Table XIV) w e r e p r e s e n t in the 
study with ac t iva ted a lumina . However , the h a l f - r e p l i c a t e f a c t o r i a l d e s i g n 
does not p e r m i t (over the s m a l l r a n g e studied) the p r o p e r a s s i g n m e n t for 
these i n t e r ac t i ons . 

The D F ' s obta inable for TeFfc on packed beds of a c t i v a t e d a l u m i n a 
or B P L ac t iva ted c h a r c o a l exceed the ca l cu la t ed D F r e q u i r e d for TeFfc (1350) 
for a f luor ide -vo la t i l i ty p r o c e s s . 

C u r s o r y s tudies of m a g n e s i u m f luor ide ind ica te th i s m a t e r i a l to be 
unsa t i s f ac to ry as a so rben t for TeFfc. The m a g n e s i u m f luor ide a p p e a r s to 
r eac t as a whole with the TeFfc and not ju s t on i ts s u r f a c e s i n c e the D F did 



not change with apparent surface loading. Gas-flow sorption studies on 
Molecular Sieve 13X clearly indicate that DF's in excess of 1000 could not 
be obtained under the conditions studied. The poor sorption-rate propert ies 
of the Molecular Sieve 13X probably a re related to the uniformity of its 
pores , which a re approximately 10-13 A in diameter and apparently are 
filled during TeFfc sorption (see B.E.T. surface-area measurements . 
Table IX). Similar studies on activated alumina indicated that sorbed TeFj 
had no effect on its B.E.T. surface area . 

Activated alumina, currently being used at ANL to remove fluorine 
from gas s t r eams , was investigated as a packed-bed sorbent for TeFj in 
s t reams that contain fluorine. Since TeFfc sorption studies using high 
fluorine concentrations and corresponding high bed tennperatures cannot 
be easily performed in the laboratory, cursory studies were nnade to deter
mine whether suitable TeFj DF's could be obtained in the presence of fluo
rine at low levels and whether fluorine would displace the TeFfc once TeFfc 
was sorbed on a bed of activated alumina. The results of these studies 
(plotted in Fig. 5) indicate that the presence of fluorine has a slight effect 
on the TeFfc DF at levels of 500 ppm. Fluorine, however, does have the 
ability to displace the sorbed TeFj (as may be seen from Figs. 7 and 8). 
Consequently, precautions should be taken to ensure that the beds of acti
vated alumina a re sufficiently deep to prevent fluorine fronn displacing the 
TeFfc m the bed. The maximunn TeFfc surface loading of 25% obtained on 
a 6-in bed of activated alumina in the presence of fluorine (as noted in 
Table XXIII) is quite significant. This result not only confirms the relation
ship between the removal efficiency of a bed and the amount of material 
already sorbed on the bed, but also reveals that, under the experinnental 
conditions studied, a 6-in. bed is capable of r^ennoving >99.99% of TeFfc while 
developing a TeFfc loading of 25% on the lower 2 in. of the bed. 

The resul ts of these studies indicate that packed beds of activated 
alumina are capable of properly decontaminating the fluid-bed fluoride-
volatility process off-gas s t ream for TeFfc in the presence of low levels of 
fluorine. If fluid beds of activated alumina are placed upstream from the 
packed beds of activated alumina, good TeFfc decontamination at any level of 
fluorine in the off-gas system should be achieved. 
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APPENDIX A 

Nuclear Technology and Tellurium Hexafluoride 

The fluorination of fission-product tellurium by the various fluo
rinating agents has been assumed by most workers to resul t m the forma-
tion of the volatile tellurium hexafluoride. Campbell and Robinson showed 
that at high temperatures O lSCC) , the only reaction product formed be-
tween tellurium and fluorine is tellurium hexafluoride. Since the proposed 
three-step fluoride-volatility process will involve contacting the f 'ssion-
product tellurium with both BrFj and fluorine at temperatures above 300 C, 
the fission-product tellurium that enters the off-gas system is assumed to 
be tellurium hexafluoride. A li terature review on the subject revealed 
that no quantitative information was available on the removal of tel lur ium 
hexafluoride from off-gas generated in fluoride-volatility p rocesses . 
Chilenskas,'^ as well as French workers, '^ found that activated at 450-650°C 
alumina is effective in removing tellurium hexafluoride from process off-
gases. Charcoal t raps, when used in series with activated alumina, a re 
effective in removing small amounts of tellurium hexafluoride. Studies 
by Krause and Potts'^ showed that sodium fluoride does not sorb tel lurium 
hexafluoride in the range of lOO-SOCC. 

Studies at ORNL" indicated that an absorption system consisting of 
a packed column of Alundum saddles, through which a 10% aqueous solution 
of potassium hydroxide is circulated at 50-70°C, is relatively effective in 
hydrolyzing tellurium hexafluoride. Attempts to obtain quantitative results 
in these hydrolysis studies were unsuccessful. The caust ic-spray absorp
tion system used for fluorine disposal in the Oak Ridge Volatility Pilot 
Plant is capable of removing some of the tellurium, but not enough to ensure 
that none accompanies the residual effluent.' Tellurium hexafluoride also 
reacted with nickel at temperatures near 300°C. Laboratory tests of the 
ability of packed beds of nickel mesh, in l- in.-diam nickel tubes, to remove 
tellurium hexafluoride were performed and are summarized in Table XXV. 

TABLE XXV. Retention of Tellurium in Beds of Nickel Mesti et 400-600''c'* 

Conditions: Mixtures of 15-25% TeFfĉ  passed througfi beds of 
nickel mesh (1 in. in diameter and 6 in. long) 
at 100 ml ISTPI/min for 0.5 hr 

Temp |OCl'> 

400 
SOO 
600 
400 
4» 
480 

I 

61.8 
17.7 
8.7 
0 

20.7 
43.6 

2 

24,8 
11.6 
4.4 

24.5 
44.7 
13.0 

Bed Section 

3 

1.9 
4.7 
4.7 

38.5 
1.4 
1.0 

Teliurium 

lin order of 

4 

0 
7.2 
3.8 
1.8 
0 
0.7 

use) 

Retained (*) 

5 

0 
13.4 
0 
0.2 
0 
0 

6 

0 
10.0 
0 
0 
0 
0 

Reactor 
Walic 

8.7 
41.4 

Aqueous 
KOH Trap 

07 
0 
0 

Material 
Balance 

mi 

88.5 
73.3 
63.0 
65.7 
66.8 
583 

^Balance of feed gas is helium. 

iTemperatures in the last three runs were believed more accurate than others because of improvements in thermocouples, 
^Determined by total dissolution. 
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Tellurium retention in the hot nickel bed is probably by the forma
tion of nickel tel lurides, nickel fluoride, and metall ic tel lurium, not the 
formation of TejFjo and TeF4 as reported. Gunther and S te ind le r" found 
that when tel lur ium hexafluoride and metallic nickel coupons a re reacted 
at 500°C for 18.9 hr, nickel tel lurides (NiTe, NiTe^) and nickel fluoride a re 
formed. The reaction products were isolated fronn the corroded nickel 
coupons and identified by X-ray diffraction. Metallic tel lurium was also 
found on the nickel wire used to suspend the nickel, Monel, and Inconel 
coupons. High-temperature caus t ic-spray towers have been considered at 
ORNL for the removal of tel lurium hexafluoride fronn off-gas s t r e a m s , " 
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APPENDIX B 

Calcula t ion of the Requ i red Decon tamina t ion F a c t o r for T e l l u r i u m 
in F lu id -bed F l u o r i d e - v o l a t i l i t y P r o c e s s ( F B F V P ) 

Since l i t t le in format ion is ava i l ab le on the fu ture f l u o r i d e - v o l a t i l i t y 
plant p r o c e s s e s , c e r t a i n a s s u m p t i o n s had to be nnade about the p r o c e s s in 
o r d e r to e s t i m a t e what f r ac t ion of the t e l l u r i u m in the off -gas s t r e a m of 
a F B F V P m u s t be r e m o v e d . The following a s s u i n p t i o n s w e r e m a d e -

1 The p r o p o s e d p r o c e s s was a s s u m e d to be a t h r e e - s t e p ox ida t i on -
f luor inat ion p r o c e s s , which c o n s i s t e d of (1) oxida t ion of the UOj fuel to V^Og 
with oxygen, (2) f luor inat ion of the UsOj with B r F j , and (3) f l uo r ina t i on of 
the r e s i d u a l p lu tonium with f luor ine . 

2. The p roposed f luo r ide -vo la t i l i t y plant would p r o c e s s one ton 
of oxide fuel pe r day. 

3. The feed gas was a s s u m e d to be 20 v / o B r F , and the b a l a n c e 
n i t rogen. 

4. No r e c y c l e of p r o c e s s gas was a s s u m e d . 

5. A 50% u t i l i za t ion of the B r F j m the f luor ina t ion s t ep was 
a s s u m e d . 

6. The oxidation and f luor ina t ion of the UO^ fuel w e r e a s s u m e d to 
be d e s c r i b e d by the following equa t ions : 

3U02(s) + 02(g) - U308(s); 

5U308(s) + 18BrF5(g) - 15UFfc(g) + 9Br2(g) + 20O,(g). 

7. The B r F ; f luor ina t ion and r e l e a s e of the t e l l u r i u m w e r e a s s u m e d 
to be comple ted in 1, 3, or 6 h r . T h e s e di f ferent r e l e a s e t i m e s w e r e s e l e c t e d 
to cover shor t , r ap id r e l e a s e s of t e l l u r i u m h e x a f l u o r i d e , as we l l as to show 
how the r e l e a s e r a t e s affect the t e U u r i u m d e c o n t a m i n a t i o n f ac to r (DF). 

10 000 twA^A^ r ^ " " " " ^""^ ^^" a s s u m e d to be BWR type wi th a 
10,000-MWd/ton burnup . Higher bu rnups would only s l igh t ly a l t e r the r e 
qui red t e l l u r i u m decon tamina t ion fac tor , but would r e s u l t m a g r e a e r con
cen t ra t ion of TeFfc in the off -gas . g r e a t e r con 

the te 
9. The M a x i m u m P e r m i s s i b l e Stack D i s c h a r g e Rate (MPSDR) of 

l l u r i u m hexaf luor ide was ca l cu l a t ed to be 10"^ c l / s e c , t h i s va lue 

Z T e l L T t ' ' ' " " " ° " " ^ ' - °^ ^ ° ' n n V s e c - b e t / e e n [ ^ ^ I T L , . , 



10, The specific activity of the tellurium was assumed to be 
0.35 Ci/mg of t e l l u r ium." 

11. The B r F ; fluorination of the UjOj was assumed to require 12 hr. 

One ton of BWR (boiling-water reactor) fuel with a 10,000-MWd/ton 
burnup contains 4,82 x IO* Ci or 147 g of t e l lu r ium." The amount of tellu
rium in the off-gases with no tellurium removal by decontannination would 
thus vary from 13.39 to 4.46 to 2.23 Ci /sec for 1-, 3- , and 6-hr release 
t imes, respectively. Since the MPSDR for tellurium was estimated at 
10" C i / sec , the decontannination factors required are 1339, 446, and 223, 
respectively. These decontaminations are equivalent to 99.925, 99.775, and 
99.55% removal, respectively. These decontamination factors are based on 
a MPCjfcg (maximum permissible concentration for continuous exposure) of 
10"' Ci/m^ ' , 3 3 

Knowledge of the decontamination factors required for tellurium is 
not sufficient to describe the system since the required decontamination 
factors must be attained by using off-gas containing the expected concen
trations of tel lurium. In the calculation of these concentrations of telluriunn 
at the MPSDR, a BWR-type fuel was selected. The assumptions nnade in 
this calculation have in part been presented ear l ier in this report; other 
assuinptions a re presented in the following calculations: One ton of UO2 fuel 
is equivalent to 3.356 x 10^ moles of UO2, which on oxidation yields 1.1 19 x 
10^ moles of U30g. The U30g in turn releases 4.48 x 10' moles of oxygen 
when fluorinated. The fluorination of the U3O8 requires 8.06 x 10' moles of 
BrF; , since only 50% of the B r F ; is utilized. This means that 3.22 x 
IO'* moles of nitrogen are required, or 3,67 x 10* moles of nonfission-
product off-gas is passed through the system in the 12-hr BrFj fluorination 
of the U3O8, It is assumed in this calculation that the reaction products con
taining bromine and the unreacted BrFj will be cold-trapped from the off-
gases. The 3.67 x 10* moles of off-gases released during a 12-hr period 
are equivalent to 8.23 x 10^ l i ters of gas (STP). The off-gas release rate 
will thus be 19 l i t e r s / s e c . Since the estimated MPSDR for tellurium is 
10"^ Ci /sec or 5.36 x 10"' ml of tel lur ium hexafluoride per second, the con
centration of tel lurium hexafluoride in the off-gases at the estimated MPSDR 
should be no greater than 0.28 ppm by volume. Table XXVI presents calcu
lated tel lur ium hexafluoride gas concentrations and DF requirements for 
off-gas handling at various TeFfc re lease periods. 

TAeU XXVI. Cjlculattd TeUurium Heufluorlde Concentritions and D€conUmin4lion.rictor 
Rm)uiremenls for Oft-^s Irom t F luid-M Fluoridf-vDMillty Process 

Tefj Ippm I 
in 0(f-9as for IndiCJted 
Tefj Release PenaJs' Of Required'' 

Percent Brfj Perctnl Nj 1 hr 3 hr 6 hr 1 hr 3 hr 6 hr 

a 10 m ts a iy» m 2Z> 
Km ; 307; l a a sa im m in 

•Tefj lln ppm by wlumel in me lA-qti to the ofl-gis hendling system tor the indicated gas release periods. 
°W requind to meal MPC raquremenls Isee textl hir Indicaled Tef& release periods. 
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